was born on 10 January 1922 in Corby, Northamptonshire, the son of Jesse Dewis Jones and Bessie Jones (1900-92; née Streather). At that time Corby was a small mainly farming village of two streets. At an early age Douglas was introduced to the things that a farmer had to know: scything and drying grass, milking cows and building haycocks. Although iron ore had been known to exist in Corby since Roman times, this was not exploited until the 1930s with the result that the farming community was destroyed and Corby was converted to an industrial town, the process being accelerated by the steel tube manufacturer Stewarts & Lloyds moving the inhabitants of a whole Scottish town down to Corby. The last time Douglas visited there, many years ago, a main road had been driven through the fields and lanes where he used to herd cattle and hitch up the pony and cart.
Douglas Jones was an extremely creative and influential mathematician. His contributions to the theory of electromagnetic and acoustic waves and his development of original and exceptionally powerful mathematical techniques with which to study them has led to the solution of problems of both practical and social importance. His work is fundamental to the design and performance of radar antennae wherein it is necessary to optimize their transmitting and receiving characteristics. Jones also investigated the manner in which electromagnetic waves interact with objects having sharp edges. These studies are basic to the construction of 'stealth' aircraft, in which the geometrical shape is designed to minimize the aircraft's signature. When supersonic airliner capability was realized in the development of Concorde there was considerable public concern regarding the excessive noise created during take-off and landing and the impact of 'sonic boom' on built-up areas. This prompted investigations into the noise levels experienced on the ground due to a moving acoustic source. This inspired Douglas to develop a mathematical theory of noise shielding. To address these difficult problems he developed powerful techniques of analysis: these included the asymptotic expansion of multidimensional integrals and the generalization of the method of stationary phase; the solution of integral equations arising in diffraction and obstacle scattering theory; the development of multidimensional generalized functions; uniform asymptotics and Stokes' phenomenon; the Wiener-Hopf technique; and powerful numerical techniques to solve integral equations arising in electromagnetic wave theory.
Douglas Jones was a very private man, not given to small talk, but once engaged was stimulating and amusing company and always happy to engage in the exchange of ideas. He was an important guiding light to young staff and research students, many of whom have gone on to distinguished careers.
He and his wife Ivy, who predeceased him, were a devoted and mutually supportive team. They were both very active in the work of Tenovus Scotland and the World Wildlife Fund for Nature. Douglas Jones was a fine man, a friend and mentor and is greatly missed. He was survived by his sisters Dot and Joyce (sadly Joyce died in early 2014) and two children Helen and Philip.
With no money coming into the Jones household, Bessie was in dire circumstances because there was no widow's pension. Jesse's brothers and sisters offered to help by each taking one of the four children into their homes and bringing them up, leaving Bessie to look after herself. However, she had the courage and love to reject this offer; Douglas's life might otherwise have been very different.
Douglas's education began in 1927 at Ettingshall Primary School, known locally as the 'The Tin' because it was constructed from corrugated iron. From there he attended Wolverhampton Grammar School . Among its alumni were A. E. H. Love (1863 Love ( -1940 ; FRS 1894), famous for A treatise on the mathematical theory of elasticity (Love 1920 ) and the development of surface waves, now known as ' Douglas had been at Wolverhampton Grammar School as a fee-paying pupil for only a year when his father died and so the only hope of remaining there was to win a scholarship. This he managed to do; moreover, the scholarship included free lunches, free travel and a contribution towards the cost of clothing. His sisters and brother secured places at the Royal Wolverhampton School as boarders as soon as they were old enough to do so, and the expenses of keeping them during term time were therefore minimal. The school also had some notable alumni, including Eric Idle of 'Monty Python' fame, and Gilbert Harding, the journalist and radio and television personality of the 1950s. The company that had employed Douglas's father contributed a small pension. To supplement the family income Douglas's mother learned shorthand and became a shorthand teacher in the evenings, teaching local office girls at 6d. (2½p) an hour. So the family was able to survive financially, although when funds were at a low ebb it was necessary to take in lodgers. In these circumstances Douglas had to do his homework in the kitchen and in so doing acquired the ability to concentrate, which was so valuable in later life. Although the Joneses led a frugal life it was a harmonious family, thanks to the unfailing cheerfulness of Bessie. Douglas remembered Christmas as a glorious time-mixing the cake and pudding from carefully hoarded ingredients, making mince pies and preparing banana cream. Bessie's sisters, not much better off than the Joneses, all managed to send the family Christmas presents and, on occasion, one of Jesse's sisters would provide a Melton Mowbray pork pie together with a string of sausages.
At this time Douglas was in the classics stream at school, concentrating on Latin and Greek on the advice of his form master. In this stream he took the School Certificate, achieving second place among all entrants from the school in that year. Having obtained his School Certificate, Douglas thought about getting a job. However, it was decided that he should go into the sixth form and aim for the Executive Class of the Civil Service. The family doctor advised mortgaging the house to permit Douglas to train for a medical career, but that avenue was quite out of the question with three other children to think about. Furthermore, Latin and Greek offered few prospects for employment should Douglas miss out in the fierce competition for the Executive Class. So he decided to switch to mathematics in the hope that it would give him more opportunities in the employment scene. Douglas confessed that at this stage he never really liked the subject but was greatly influenced by his mother, who while at Kettering High School had developed a love for geometry. (Always mentally active, Bessie at the age of 70 years decided it was high time she learnt German.) For Douglas, school was six days a week with a large chunk of homework set for Sunday. Two half-days were devoted to sport, of which Douglas took full advantage, eventually representing the school at chess (captain), football, cricket (captain) and fives (Eton and Rugby). Another school activity was the Officers' Training Corps (OTC), in which he rose to the rank of company quartermaster sergeant. In such a system there was sufficient flexibility for a switch of subjects to be feasible, if rare, provided that one 'put one's back into it'. He was also Senior Prefect, Victor Ludorum and House Captain.
Douglas never took the Civil Service examinations because recruitment was stopped by World War II. Bessie now thought that a job was both possible and essential for her. She became a book-keeping clerk, a job that gave her much pleasure because she always enjoyed arithmetic. In addition there was more money coming into the household, so she contemplated the possibility of Douglas's going to university. After her discussions with the headmaster, Douglas found himself taking the examinations for the Mathematical Scholarship at Corpus Christi College, Oxford. Douglas was awarded the second of these scholarships, the first going to R. H. Tuck (latterly Professor of Agricultural Economics at the University of Reading, 1965-82). However, F. B. Pidduck, Fellow of Corpus Christi College, at the time remarked that Douglas's knowledge of mechanics was abysmal.
There was then the problem of finding enough money to supplement the scholarship, which was inadequate on its own. Fortunately, this was resolved by Douglas's winning a Staffordshire Major Scholarship and by the allocation of a Kitchener Scholarship. Together these were sufficient to relieve his mother of the cost of supporting him. In fact, he was able to pay her a small weekly sum during the vacations. So armed with a Higher School Certificate in mathematics, physics and English together with a Mathematical Scholarship at Oxford, Douglas was able to give up gas-mask making and digging air-raid shelters, which he had been doing at home while his mother became a fire watcher and air-raid warden.
World War II service, 1942-45
Before entering active service, Douglas intended to train as an electrical engineer under a special scheme just begun at the Clarendon Laboratory (Oxford). Shortly afterwards he joined the Royal Air Force Volunteer Reserve (figure 1) and was appointed to the Signals Branch (Radio Detection Finding), later renamed the Signals Radar Branch. Although Douglas's training had equipped him with some basic principles he had little knowledge of the practical realities of engineering, so the latter had to be absorbed rapidly under rather pressing wartime conditions.
The elder of Douglas's sisters, Dot, joined the Women's Auxiliary Air Force as soon as she was eligible; later, his brother, Jimy, joined the Tank Corps but his young life was cut short by Hodgkin's disease. His younger sister, Joyce, was at school for the duration of the war.
The first military unit that Douglas served with was 85 Squadron, which was equipped with a modified version of the Douglas Havoc. The front of the Havoc was sliced off and replaced by a searchlight (Turbinlite; figures 2 and 3) powered by banks of accumulators distributed throughout the aircraft. The idea was that the Havoc would use its A.I. (Airborne Interception radar-an early form of radar) to find a German aircraft, then catch it in the spotlight and let a normal day fighter (such as a Hawker Hurricane; figure 4) attack it. The difficulties of coordinating such an attack at night can well be imagined, and the whole project was finally abandoned in early 1943, although Douglas had left the squadron by then.
After a short spell with a conventional night fighter squadron Douglas was posted to a squadron equipped with Boulton Paul Defiants (figure 5), which, because of their cumbersome turret and vulnerability, had been assigned the job of being the first airborne countermeasures group. These aircraft were installed with the exotically named 'Moonshine' and 'Mandrel' spoofer/jammer devices used to defeat German radar. This technology was developed at the Telecommunications Research Establishment, where Douglas came into contact with Martin (later Sir Martin) Ryle (1918 ( -84 FRS 1952 , the radio astronomer and later Nobel laureate, and William Cochrane. Douglas recalls flying many nights in the gun turret of the Defiant, making crucial measurements of German radar frequencies for jamming purposes. Although the turret allowed the Defiant to defend itself from more angles of attack than a conventional fighter, it also inhibited manoeuvrability. As a result the Defiant was a 'sitting duck' when attacked from below.
From then on, Douglas was always involved with countermeasures, arriving eventually with the formation of the 90 Group. Douglas remained a serving officer with an operational squadron with the rank of flight lieutenant. His war service was recognized by the award of an MBE and by being Mentioned in Dispatches. Douglas recalled playing in 1945 for a services cricket XI against an overseas services XI. In the latter was an Australian (very) fast (Stratton 1941 ). However, it was very clear soon after Douglas's arrival that Stratton was fully occupied in his pursuit of the presidency of MIT (1959-66) and therefore had little intention of supervising any research students. All callers were discouraged by having to get past three secretaries in sequence before setting foot in his office. It was a technique that ensured that research students really undertook independent research. Undaunted, Douglas took the opportunity to learn physics from Victor Weisskopf , H. Feshbach (1917 H. Feshbach ( -2000 and R. D. Evans (1907-95). Douglas was particularly inspired by Evans's lectures on radiation and its medical applications. Indeed, it was through the good offices of Evans that Douglas was able to participate in the first experiments on the absorption of calcium by bone, using tracer methods. Apart from helping with blood samples and ultracentrifuges, his main contribution to the research was in devising a formula governing the absorption. It also brought into sharp contrast the differences between research in the biomedical sciences and that in the physical sciences and engineering. At the end of this year Douglas went on a grand tour of the USA, visiting about 40 states in the company of John Westcott (1920 -2014 FRS 1983) . It was a wonderful experience and he would have been tempted to seek a position had it not been for his desire to return to see his mother and the rest of the family. In addition, Douglas had secured an appointment as assistant lecturer at Manchester University.
Manchester, 1948-57
The (2) he developed a perturbation method, valid for high conductivity, to find an approximate solution to the problem of diffraction by a highly conductive wedge. Between 1950 and 1952 (3-5) Douglas set down a sound theoretical basis for obtaining rigorous solutions to diffraction problems involving edges. In particular he established sufficient conditions at edges and corners to ensure uniqueness of solutions. At that time no such conditions had been rigorously established, although their need had been noted by C. J. Bouwkamp in 1946. Jones also demonstrated (5) that some of the solutions then available did not satisfy these conditions. He also demonstrated (6) that the usual method of reducing an electromagnetic scattering problem, when the scattering object is of infinite extent, to an integral equation produced a field that failed to satisfy the radiation condition. His alternative formulation avoided this difficulty.
Having established the theoretical basis for the correct formulation of scattering problems, Douglas developed powerful new methods to handle a variety of scattering problems involving parallel planes, and cylinders of semi-infinite or finite length. In particular, Douglas modified and extended the Wiener-Hopf technique so that it was directly applicable to such problems; for bodies of finite length his is the established approach taken to this day. In the 1950s the standard procedure to employing the Wiener-Hopf technique was first to use Green's theorem, or a similar identity, to construct an integral equation (or a system of such equations) defined on a half-line in physical space. This could then be transformed into a functional equation in a suitable complex-variable plane. Such an approach was used by J. Schwinger in the USA and by E. T. Copson in the UK; however, it was cumbersome and often required the construction of complicated Green functions. Douglas (7) showed that the process could be very significantly simplified by directly applying the two-sided Laplace transform (or equivalently a Fourier transform) to the governing equation and boundary conditions and thence relatively easily obtaining the associated Wiener-Hopf functional equation holding in a strip in the Laplace transform complex plane. This is now the standard approach for formulating diffraction problems via the Wiener-Hopf technique. Douglas's implementation of the Wiener-Hopf technique is referred to as 'Jones's method'.
As Noble (1922 Noble ( -2006 ) that he write a book on the subject. It is believed that Douglas supported Ben Noble in the writing of the book, which was mostly based on Douglas's own notes, articles and bibliography list. I attended a meeting on electromagnetic problems about ten days ago and Prof. Erdélyi [1908-77; FRS 1975] was there. I discussed the idea of this paper with him and in fact gave him a verifaxed copy whose content is exactly the same as the enclosed except that the figures were not ready at the time. As you know from previous correspondence I have been a little concerned as to the justification of this paper in view of Focke's results [Focke 1954 ]. I gave some arguments in the text which I hope you will comment on if you feel more or less should be said. I discussed this point with Erdélyi and he believes that the method of this paper is simpler and more direct. He feels that Focke's method is rather clumsy.
In response Douglas wrote back on 5 July:
I agree with Erdélyi that the simpler the method the better, but I do not see how we can get a simpler approach than we have already. The basic ideas are in a sense almost trivial, that of transforming a double integral to a single Fourier integral. The actual labour of evaluating the 2π 2π expression can scarcely be avoided in view of complicated form that it takes. Having made that remark, I shall, of course discover a paper in which everything is put quite trivially.
On returning to Manchester, Douglas was promoted to senior lecturer but was soon to move to the University of Keele as head of department. During his time at Manchester, Douglas supervised several research students, some of whom went on to significant mathematical careers. Most notably these included W. E. Williams (Professor of Mathematics, University of Surrey), T. B. A. Senior (Radiation Laboratory, University of Michigan) and A. Sharples (New Mexico Institute of Mining and Technology, 1968-2000) . Keele, 1957-64 During his visit to New York in 1956 Douglas was thinking about his future and had applied to the University of Glasgow for the position of head of a new Department of Applied Mathematics and Simson Professor of Mathematics. He travelled to Glasgow to hear about their plans for the new department, having been one of two candidates on the shortlist. When he got there he found that the department was intended to teach engineering students, would have no undergraduates of its own and would not be able to take on any mathematical research students. Douglas was unsure how he could form a department along these lines. The matter was resolved by the appointment of the other candidate, Ian Sneddon. Sneddon had been the first holder of the Chair of Mathematics at the University of Keele. So as Ian Sneddon headed north to Glasgow, Douglas and Ivy set off for Keele. It was during the early years in Keele that their daughter, Helen Elizabeth, was born on 28 May 1958, followed by their son, Philip Andrew, on 9 February 1960.
High-frequency scattering was the subject that Douglas Jones researched on arrival in Keele. His work on scattering by convex bodies already contained the ingredients that were so brilliantly brought to fruition in Joe Keller's theory of geometrical diffraction (Keller 1962) . To give the flavour of Jones's arguments (9, 10), consider the scattering of a plane wave by a perfectly conducting convex obstacle. It is assumed that the radii of curvature at all points of the body are large compared with the wavelength so that the high-frequency approximation can be used. The points of glancing incidence will form a curve D (the shadow boundary) on the obstacle. At points on the illuminated side, not near D, the field is given by the geometrical acoustics approximation and here the coefficient σ, defined as the total energy flux outwards from the obstacle in the scattered wave divided by the energy flux in the beam of the incident wave that falls on the obstacle will be 2. In the neighbourhood of a point P of D, D will be well approximated by a cylinder whose axis is parallel to the tangent to D at P and whose radius is the radius of curvature R of the obstacle in a plane through P perpendicular to the tangent. Here Douglas ignored a small correction due to the variation of the radius of curvature in the penumbra. Then, if the tangent at P makes an angle π/2 − β with the direction of propagation of the incident wave, Douglas showed that the energy scattered per unit length of D, for an incident wave carrying unit energy per unit area, is It was at Keele that Douglas first showed his remarkable ability to balance outstanding leadership and commitment to administrative duties with mathematical research and scholarship. For a while as the head of department busily engaged in building on the work done by Ian Sneddon to secure a lively and active department, and as Dean of Science from 1959 to 1962, he continued his researches into high-frequency scattering and wrote his monumental 807-page book The theory of electromagnetism (12). This book alone would have cemented Douglas's reputation as world leader. It was an ambitious work with the aim, as Douglas wrote in the preface, 'to provide a text which will take the student from a first acquaintance with Maxwell's equations to within striking distance of modern research.'
In 1962-63 Douglas made a return visit to the Courant Institute of Mathematical Sciences, New York, and embarked on his remarkable contributions (13, 14) to the problem of high-frequency diffraction by a circular disc. Here he showed that the governing integral equation for scattering by a sound soft circular disc could be reduced to a Fredholm equation with kernel In his early years in Dundee, Douglas embarked on a programme of developing existing and new mathematical techniques with which to rigorously address many problems arising in acoustic and electromagnetic wave theory. Perhaps as a result of his work on the asymptotic behaviour of integrals (11) he worked on multidimensional theory of generalized functions, a subject dealt with earlier in the one-dimensional case by Lighthill and G. Temple. In this regard, it is fitting to note the following remark of Lighthill relating to the theory of generalized functions made at a conference in 1992 at Dundee University to mark Douglas's 70th birthday; it concerned Douglas's book The theory of generalised functions (21):
I have moreover been overjoyed that my tiny 80-page Introduction to Fourier analysis and generalised functions [Lighthill 1958 ], which concentrates on functions of just one variable, has proved to be a suitable appetite-whetting 'starter', as it were, leading up to Douglas's superbly concocted 'main dish' in 540 pages which extends all the results in a comprehensive fashion and includes the corresponding properties of functions of many variables.
The method of geometrical diffraction is an important technique for studying the propagation of sound at high frequencies. It is based on an assumption of locally plane wave behaviour, except in certain regions where properties change abruptly. In these latter regions, coefficients are determined from certain canonical problems that enable the calculation of the transition from one kind of local behaviour to another. Douglas brought a new insight into diffraction by considering the problem of reflection and transmission at high frequencies of an acoustic wave by a curved interface between two media of differing refractive indices. Contrary to what would be predicted by geometrical acoustics, total reflection does not completely annihilate the transmission of energy. Rather, propagating waves emerge from a region of evanescence and are responsible for an energy flow. The rays that give rise to this flow were called 'tunnelling rays' by Douglas (19). There is a connection here with the concept of 'electromagnetic wormholes' that arise in the study of 'cloaking devices' (Greenleaf et al. 2009 ). Although the energy transmitted by tunnelling rays on a single reflection may not be large, there is the possibility, in situations where multiple reflections are important, of accumulation with a significant flux in directions where it may not be expected. Tunnelling rays do not occur with plane interfaces but are a feature of the effects of curvature.
Another topic in which Douglas's insight has led to significant advances is in the solution of the problem of scattering of waves by an obstacle. For simplicity we consider the twodimensional acoustic sound-hard scattering problem. If D is the exterior of a simple closed curve C and the function G is a solution of Helmholtz's equation that has the property of behaving like a source on the curve C and satisfies the Sommerfeld radiation condition, then the solution ϕ of the scattering problem when restricted to the curve C must be a solution of the integral equation
for all points q on the bounding curve C.
If, as is frequently done, we choose G to be the free-space Green function, then it is well known that the uniqueness of the solution fails at those values of the wavenumber that coincide with an eigenvalue of the interior sound soft problem for C. This difficulty can be overcome by a variety of devices but at the price of introducing other complications, which lead to increased computer time and storage. Fritz Ursell (1923 Ursell ( -2012 FRS 1972) suggested (Ursell 1973 ) a beautiful modification that was relatively simple to apply and was potentially useful in computations. It did have the practical drawback of requiring the computation of an infinite series. To address this point, Douglas (16) proposed a further modification in which an arbitrary limit is imposed on the size of the wavenumber k. His analysis then led to the replacement of the above integral equation by
to be solved for the unknown function μ, where G is the free space Green function and χ represents a suitable finite series of radiating surface harmonics. The solution ϕ to the scattering problem is then given by
The solution obtained in this manner overcomes the non-uniqueness inherent in the classical approach.
With the growth of air travel in the 1970s, accompanied by the introduction of largecapacity jet airlines, the noise generated on the ground by such aircraft became a real concern. The noise produced by the supersonic airliner Concorde at take off and landing and also flying at speeds in excess of Mach 1 over land proved, in particular, a major issue. The problem of noise pollution from aircraft remains to this day, especially for people living in densely populated areas in close proximity to airports.
Armed with his considerable array of modelling and mathematical techniques, Douglas investigated a wide range of problems in which the occurrence of noise and the means to limit it was of major interest. In particular he was concerned with acoustic noise generated by sharp edges such as the leading and trailing edges of wings, and the noise created by gaps in wings when flaps were lowered in the process of landing. Another problem was to assess the noise created on the ground when jet engines were either situated above or below aircraft wings. Douglas (17) developed rigorous theories of such situations and at the same time built on asymptotic ray methods of Keller and Lighthill's theory of aerodynamic noise (Lighthill 1952) .
To illustrate Douglas's contributions with a concrete example, he sought to understand the way in which sound waves are refracted or scattered by jets, which is relevant to turbomachinery noise (including the humble hand-dryer) and also in aeroacoustics. The simplest model that can be contemplated is the situation of a plane vortex sheet, separating a still medium from one moving with uniform velocity and illuminated by acoustic radiation from a line source. This model was examined by Douglas and others in several articles (for example (15) , where earlier references will be found). Perhaps surprisingly for such a simple problem, difficulties were found to arise when ensuring that there was no sound field before the source was switched on (that is, satisfying causality), being resolved ultimately by working with what Douglas described as 'rather abstruse entities' known as ultradistributions. The physical interpretation of these obscure generalized functions is not obvious and so doubt was cast on the adequacy of the model.
The trouble with the investigation of the vortex sheet stemmed from the presence of a certain non-real pole in complex wavenumber space. To attempt a deeper understanding of the issue, Douglas resolved to obtain an exact analytical solution of the sound scattered by a simple shear layer. In this model the flow increases linearly, from 0 below the layer to a constant speed U, say, above it. Suppose the layer is of height h and a monochromatic acoustic line source irradiates the layer with radian frequency ω so that a Strouhal number can be defined as ωh/U. This work was reported in a 'tour-de-force' article of 42 pages in Philosophical Transactions A (18) . In it Douglas displayed masterful powers of analysis, extensive knowledge of special functions (Airy and Whittaker functions) and their properties, very delicate asymptotics including ray theory, and profound physical interpretation of the results. This allowed him to make a very careful examination of the singularity structure for arbitrary values of the Strouhal number, from which he discovered that there was an infinite number of poles, some of which lie on the real axis. The multiplicity of solutions for the shear layer is thereby far worse than that for the vortex sheet. However, it was found that as the Strouhal number was reduced, two of the real zeros came into coincidence and shifted off the real axis. The observation turned out to be crucial in resolving some of the nonuniqueness, especially because most of the poles ultimately gave an insignificant contribution to the field. The final step that disposed of all questions of uniqueness was causality, and this Douglas showed could be complied with by conventional functions; that is, there is no need to employ ultradistributions in the solution. Physically, Douglas deduced that for a Strouhal number below a critical value (when the poles have coalesced) the field contains a (standard) Helmholtz instability wave in the shear layer, whereas above this value there is no instability wave.
Perhaps stimulated by his war experiences, Douglas also made significant contributions to antenna theory. In (20) he wrote:
The concept of an antenna as a piece of wire or portion of dielectric which radiates electromagnetic energy is simple enough in principle, but the derivation of quantitative results of value for design purposes is fraught with difficulties. Even when the isolated antenna can be described as a straightforward boundary-value problem, it can rarely be solved with any ease. In fact the antenna, to be of any use as an element of a communication system, must be coupled with a transmission line or waveguide, and coupling forms an important but complicated part of any real system. For these reasons a substantial amount of analysis has been devoted to antennas, not always with success. The advent of large computers has made it possible to generate numerical answers to problems which had hitherto defied solution.
It must be confessed, however, that the mathematical detail has often obscured the physical principles involved leaving the engineer up in the air when both analysis and computer fail. For example, to keep computer requirements reasonable, some type of symmetry is often assumed but the symmetry is usually lost as soon as a transmission line is connected. While it is our purpose to enumerate some of the analytical and numerical techniques that have been tried, it is hoped not to lose sight completely of physical principles which may be helpful.
These principles are clearly adhered to in Douglas's contributions to antenna theory. On the one hand he provided a rigorous and complete analysis of problems, and on the other he gave clear formulations of the underlying principles and a simple exposition of formulae necessary for computational modelling.
Douglas returned to his studies of Wiener-Hopf problems in the early 1980s, motivated by new scattering problems involving multiple bodies or barriers. These led to coupled systems of such equations, for which no general constructive method of solution has yet been found. It remains to this day an important open problem in mathematics. However, Douglas obtained elegant solutions in some special cases of physical interest, and also offered the first class of 'large' coupled Wiener-Hopf systems that yields an exact solution (23), an extension of the Khrapkov-Daniele commutative (2 × 2) matrix form. Interested readers may wish to refer to Lawrie & Abrahams (2007) for details and an extensive bibliography.
During the 1970s and 1980s mathematicians began to direct their attention to the potential of exploiting mathematical ideas to address problems arising in the biological and medical sciences. This initiative arose, in part, from the development of the groundbreaking work done by Alan Turing on biological pattern formation and carried forward by J. D. Murray (FRS 1985) and others.
As a forward-thinking mathematician and scientist, Douglas realized that the new and rapidly evolving subject of 'mathematical biology' should be made accessible to undergraduate students. This led in 1983 to his co-authored book Differential equations and mathematical biology (26, 27). Mathematical biology is now recognized as a major field of applied mathematical research, and most universities in the UK and worldwide offer mathematical biology courses to students.
Notwithstanding all this inspiring and creative mathematical activity, Douglas was also an outstanding administrator and mentor. In addition to serving as head of department on several occasions he was also Dean of the Faculty of Science from 1976 to 1979. He was also highly regarded by the wider community for his wisdom and sound advice, serving on several influential boards and committees. The report highlighted the serious problems caused by the bulge in the group of academic staff 35-45 years of age that was reflected in the boom in recruitment in the 1960s as a consequence of the Robbins Report on university expansion. With a predicted fall by 36% in mathematically trained students, it was recommended that these staff in mid-career be compulsorily retired. As a result of both public and academic pressure, no government action was taken. As his fellow committee member B. G. (Brian) Gowenlock recalled (Gowenlock 1993 ):
Those were the days when smoking was still permitted in meetings and I was therefore treated to a sustained monthly dose of indirect smoking from Douglas. He was always content to say that the statistical chances of serious illness for himself were not sufficiently large to cause him to alter his habits and it was therefore left to me to assume that my own health was not at any serious risk.
Brian further recalled that Douglas was a delightful person to know and had the 'gift of wisdom'.
As chairman of the UGC Mathematics Subcommittee, Douglas was also responsible for overseeing the development of computer science. In typical Douglas Jones style he began an address to the Inter-University Committee on Computing's Colloquium in 1983 (22) as follows:
I must open with a disclaimer. Any views which I express must be treated as personal opinions and should not be attributed to the UGC Delphic oracle.
Secondly, when your kind invitation to address you was extended to me, the suggestion was made that I should attempt to assess where we were and peer into the murky bowl of the future to indicate the path we are about to tread. In the present foul political weather this is rather like batting when you can't see the other wicket let alone the bowler and since my only claim to distinction in computing is that I am one of the few people in this room who learned it from Turing, I am none too sure whether it is the game of cricket or tennis which engages us.
Douglas then went on to try to outline his views on the course of the universities over the following decades. Alan Turing must have had a significant effect on Douglas, so it should not come entirely as a surprise that he was also able to make a useful contribution to computing with his books on 80x86 assembly programming (24, 25). At the heart of nearly all major desktop computers today is an Intel or Intel-compatible central processing unit running in 'virtual 80x86' mode.
Douglas was a founding Fellow of the Institute of Mathematics and its Applications (IMA), served on its Council and was appointed President in 1988 (figure 6). It was during his presidency that he led the negotiations with the Privy Council that resulted in the IMA's being incorporated by Royal Charter and subsequently being granted the right to award Chartered Mathematician status.
Personal thoughts (B.D.S.)
I was most fortunate to begin my academic career by being among Douglas's early appointments at Queen's College, Dundee. On my arrival I was immediately aware that teaching and scholarship in its widest form were of the highest priority. There was also no pressure on colleagues to write grant proposals but rather to pursue research for its own sake and to make original contributions. Douglas never directed the research of young staff but was always there to give encouragement and offer ideas. In my case, after a couple of years, Douglas told me that he thought it would be a good idea if I spent a year at the Courant Institute of Mathematical Sciences at New York University. In particular he arranged for me to work in Joe Keller's group. So my wife, Julie, and I, together with two very young children, headed off to the 'Big Apple' and spent what for me was a momentous and exciting year, which had a fundamental influence on my career. There I met R. With regard to teaching back in Dundee, Douglas assigned lecturing duties that on the one hand one would enjoy and on the other he thought would be 'good for the soul'. On my return to Dundee he assigned to me a new course on approximation theory, which was being offered to the first graduate students on the new Numerical Analysis and Programming Masters Course. I knew absolutely nothing about approximation theory and thought that Douglas had made a mistake with the assignment. So, plucking up courage I decided to go and discuss the matter with him. After knocking on his door and waiting for the red light to turn blue, indicating entry, I was ushered in. 'Professor Jones,' I said, 'you have assigned the NAP course on approximation theory to me, but I know nothing about the subject.' His response was firm and short, 'Well you will do when you have given the course.' Such was Douglas's approach to many things, throwing out challenges and widening one's horizons. In writing our book on Differential equations and mathematical biology, Douglas and I began by deciding what the book should contain and the audience for which we were writing, and we agreed on how the work should be shared in assigning chapters. From then on we worked independently and when one of us had finished writing a chapter it was passed to the other for comment. In this way we were both free to express our own ideas. Furthermore, the book has evolved over each edition, with new appraisals of content being assessed in each new writing.
Douglas was a great friend and mentor; he and Ivy (figure 7) were friends to our family. He will be greatly missed by all.
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